A B S T R k T Two experiments were conducted to determine the effects of restricted feeding on performance, carcass characteristics, and composition. In Trial 1, 36 individually penned steer calves (280 k 13 kg B W) were fed all-concentrate diets at intake levels of ad libitum and 90 and 80% of ad libitum. Trial 2 used 36 individually penned steer calves (298 k 14 kg BW) fed corn silage-based growing diets for 84 d followed by 91% concentrate finishing diets. Intakes were as described for Trial 1. Compared with steers with ad libitum intake, ADG was reduced ( P < .005)
A B S T R k T Two experiments were conducted to determine the effects of restricted feeding on performance, carcass characteristics, and composition. In Trial 1, 36 individually penned steer calves (280 k 13 kg B W) were fed all-concentrate diets at intake levels of ad libitum and 90 and 80% of ad libitum. Trial 2 used 36 individually penned steer calves (298 k 14 kg BW) fed corn silage-based growing diets for 84 d followed by 91% concentrate finishing diets. Intakes were as described for Trial 1. Compared with steers with ad libitum intake, ADG was reduced ( P < .005) .15 and .25 kg for steers fed 90 and 80% of ad libitum intake, respectively, in Trial 1. In Trial 2, growing phase ADG was reduced ( P < .005) .15 and .24 kg for the 90 and 80% of ad libitum feed intake, respectively.
Finishing phase ADG was reduced ( P < .005) .12 and .21 kg for the 90 and 80% of ad libitum intake, respectively. Feed efficiency was not affected by intake when all-concentrate diets were fed in Trial 1, or when a corn silage-based diet was fed in the growing phase of Trial 2. During the finishing phase of Trial 2, feed efficiency was increased when intake was restricted. Carcass quality grade and 12th rib backfat were reduced ( P < .04) with decreases in daily feed intake when all-concentrate diets were fed. However, no effect on carcass characteristics was observed in Trial 2. Liver and heart weights were not affected by daily feed intake. Serum triiodothyronine ( T3) concentrations tended ( P = .11) to decrease for cattle receiving restricted intakes of all-concentrate diets and were decreased ( P < .04) with intake restriction in Trial 2. Carcass fat content was reduced ( P < .02), whereas carcass protein and water were increased ( P < .06) with reductions in daily feed intake in both trials. We concluded that restrictedly feeding growing-finishing steer calves does not decrease feed efficiency and actually may improve feed efficiency. Restrictedly fed
Introduction
Growing and finishing cattle commonly are allowed ad libitum access to feed. The substantial cost of feed makes the efficiency (kilograms of gain / kilogram of DM intake) with which cattle grow and produce edible products from consumed feedstuffs an important consideration. In theory, maximal feed efficiency (for a specific diet) will be achieved when feed intake is maximum, assuming maintenance energy requirements are fixed and energy (feed) intake above maintenance will be used for productive purposes (i.e., growing-finishing steer calves on 1 ) performance, feed efficiency, days on feed, carcass characteristics, and carcass composition, 2 ) wet weights of liver and heart, and 3 ) circulating T3 concentrations.
Experimental Procedures
Trial 1. Thirty-six individually penned crossbred (Continental x English breeds) steers weighing 280 k 13 kg were used to determine the effects of feeding allconcentrate diets at restricted intakes on performance, feed efficiency, days fed, carcass characteristics, and carcass composition. All-concentrate diets were fed once daily at three intakes: 1 ) ad libitum intake, 2 ) 90% of the intake of the steers given ad libitum access to feed, and 3 ) 80% of ad libitum intake. Feed offered to the restrictedly fed steers was calculated by obtaining an average intake for the 12 steers with ad libitum intake on the previous day and multiplying by .9 and .8 for the 90 and 80% intakes, respectively. Daily intake of N, vitamins, and minerals was made constant across intakes through adjustments in dietary concentrations of these nutrients. Composition of diets is shown in Table 1 . Steers were implanted with Ralgro (provided courtesy of Pittman-Moore, Terre Haute, I N ) on d 0 and 84. Initial and final weights were calculated as the average of weights taken on two consecutive days at initiation and termination of the trial, respectively. Steers received 6 kg of DM for 2 d before 84-d and final weights were measured. Cattle were weighed at 28-d intervals throughout the trial. Daily feed intake was measured. Steers were fed to a similar final weight. Average daily gain, DMI, feed efficiency, and days fed were determined.
Blood samples were collected 4 h after feeding from each steer on two consecutive days at the initiation of the trial and following 42, 84, 126, and 168 d on feed. Blood was allowed to clot at room temperature for 20 min and centrifuged at 1,500 x g for 20 min; serum was harvested and stored at -80°C until analysis for T3 as an indicator of basal metabolic rate. Serum T3 was analyzed using a procedure similar to that of Williams et al. (1987) . However, in the modified procedure, a double antibody RIA was used (Wayne L. Bacon, Ohio Agric. Res. and Dev. Ctr., Wooster, personal communication). Triiodothyronine (L-T3) standards and 1251-labeled tracer were purchased from Sigma (Sigma Diagnostics, St. Louis, MO) and Ventrex (Ventrex Laboratories, Portland, ME 1, respectively. Samples and standards were diluted 1.5: 10 (.075 M barbital + .l% BSA). One hundred microliters of 8-anilino-1-napthalene sulfonic acid, labeled [12511T3 tracer (10,000 cpm), and primary antiserum (Ventrex) (1:40,000 dilution) was added to both standards and samples, followed by a 16-h incubation at 4°C. Antigen-antibody complexes were precipitated by addition of rabbit gamma globulin (34 pg) and goat-antirabbit serum (1:lO dilution), followed by a 16-h incubation at 4°C and centrifugation. Initial qualifications of the assay were performed by determining percentage of recovery, curve displacement, and parallelism. Percentage of recovery was determined by spiking standards with steer plasma. Percentage of recovery of standards spiked with steer plasma was 106%. Curve displacement was determined using serially diluted bovine serum samples and final values were plotted against the standard curve. Minimum detection level was .06 ng/mL. Specificity of the assay was determined using activated charcoal-stripped bovine serum spiked with assay standards. Intra-and interassay CV were 9.27 and 11.25%, respectively. At the completion of the trial, steers were slaughtered, wet weights of the liver and heart were recorded, and carcass data were obtained. Feed intake for the restrictedly fed steers following initiation of slaughter of the steers with ad libitum intake was determined using a prediction equation. The equation was obtained by regressing feed intake on BW and predicting what average BW for the ad libitum steers would have been had all steers remained on trial. Adjustments were made to this predicted ad libitum feed intake according to the restriction level. Net energy values for maintenance and gain of diets fed were determined for each steer based on performance and feed intake according to the procedure described by Hays et al. (1987) using NRC (1978) NE equations.
The 9-10-11th rib section of the right side of the carcass was collected from six steers fed each intake for dissection according to the procedures of Hankins and Howe (1946) . Carcasses were selected based on similarity of weight. Rib sections were deboned, ground three times, and subsampled for determination of moisture, N, and ether-extractable lipid (AOAC, 1984) . The nitrogen-to-protein conversion factor used was 5.72 (Sosulski and Imafidon, 1990) . Chemical composition of the edible carcass was determined using regression equations of Hankins and Howe (1946) . The longissimus muscle of the 6-7-8th ribs of the right side of the carcass was also collected following slaughter. All external fat was removed and the muscle was ground and subsampled for determination of ether-extractable lipid (AOAC, 1984) as a measure of intramuscular fat content. Initial empty body composition of steers was calculated using equations of Simpfendorfer ( 1974) and initial weights of steers. Final empty body composition of steers was calculated using carcass composition data obtained using procedures of Hankins and Howe (1946) and equations of Garrett and Hinman (1969) . Daily accretion rates of protein, fat, and water were determined by dividing increases in weights of the respective body components by days on feed.
TriaZ 2. This study was conducted to determine the effects of restricted feed intake during the growing and finishing phases of steer calves on performance, feed efficiency, days fed, carcass characteristics, and composition. Thirty-six individually fed crossbred (Continental x English breeds) steer calves (298 f 14 kg BWj were fed corn silage-based growing diets for 84 d and were then finished on a mixed diet of corn grain, corn silage, and supplement. Composition of the diets fed during the growing and finishing phases is shown in Tables 2 and 3, respectively. Diets were fed at three intakes as described previously for Trial 1. Steers were kept on the same level of intake throughout the entire feeding period. Diets were formulated to provide equal daily intake of protein, vitamins, and minerals across intakes. Daily feeding, implanting, and weighing procedures were similar t o those used in Trial 1. Steers received 6.5 kg of DMI for two consecutive days before the 84-d and final weights were measured. Trial termination and data collection were the same as for Trial 1.
Statistics. Data for each trial, with the exception of serum T3 concentrations, were analyzed as a completely randomized design using the GLM procedures of SAS ( 199 1). Data for serum T3 concentrations were analyzed using the GLM repeated measures analysis of SAS (1991). Serum concentrations obtained at initiation of the trial were used as a covariate adjustment for the T3 analysis. Responses due to feeding level were determined using orthogonal contrasts (linear or quadratic) (Steel and Torrie, 1980) .
Results
Trial 1. The effects of restricting intake of allconcentrate diets on growing-finishing cattle performance are shown in Table 4 . Although the objectives of the trial were to feed cattle to similar final weights, environmental conditions at the feedlot led to marketing some of the cattle that gained more slowly before they reached this predetermined weight. Feed intake restrictions the first 84 d of the trial were 10.3 and 19.7%, respectively, for the steers with 90 and 80% of ad libitum intake. Reductions in daily feed intake of 10 and 20% for 84 d caused decreases ( P < .005) in ADG of 12.7 and 20.1%, respectively. Feed efficiency during the first 84 d was not affected ( P > . l o ) by feed intake. Feed intake restrictions from d 85 to slaughter were 7.9 and 16.9% for the steers with 90 and 80% of ad libitum intake, respectively. These reductions in feed intake led to reductions ( P < .005) in ADG of 9.9 and 17.4% for the steers receiving 90 and 80% of ad libitum intake, respectively, compared with controls. Feed efficiency from d 85 to slaughter was not affected by intake. Days on feed were increased ( P < .005) by 16 and 22 d for steers receiving 90 and 80% of ad libitum intake. Actual daily DMI restrictions for the total trial were 10.5 and 20.8% for the steers with 90 and 80% of ad libitum intake, respectively. Average daily gain was reduced ( P < .005) 11.7 and 19.5% for the steers with 90 and 80% of ad libitum intake, for the restrictedly fed steers compared with controls ( Table 5 ) . Our intent was to market all cattle at a similar weight; however, due to a combination of slower growth rates for limit-fed steers and rising environmental temperatures during July, it was necessary to market some of the more slowly gaining. cattle before they reached the predetermined final weight. Backfat measured a t the 12th rib, and carcass quality grade were reduced ( P < .04) in steers that received decreased daily feed intake. Percentage of cattle grading Choice was 100, 67, and 33% for the 100, 90, and 80% of ad libitum intake, respectively.
Weights of the liver and heart taken immediately following slaughter were not different across daily feed intakes. Serum concentrations of T 3 (across all sample days) tended to be reduced linearly ( P < .11) in response to decreases in daily feed intake (Figure 1 ). aQuadratic treatment effect ( P < .02). k i n e a r treatment effect ( P < ,021.
'EB = empty body. dInitial empty body composition calculated from equations of Simpfendorfer ( 1974) . eLinear treatment effect ( P < ,071. fDetermined using procedures of Hankins and Howe (1946) and equations of Garrett and Hinman (1969) .
Carcass composition and daily accretion rates of protein, fat, and water determined in 6 of the 12 steers per treatment are presented in Table 6 . Quality grade and 12th rib backfat of the carcasses selected for carcass composition analysis were decreased with decreasing intake. Ether extract content of the edible carcass was reduced ( P < .02) 10.4 and 24.4% for the 90 and 80% of ad libitum intake, respectively, compared with controls. Carcass protein was increased ( P < .02) 2.6 and 7.9% in carcasses of steers receiving 10 and 20% reductions in daily feed intake, compared with ad libitum intake. Intramuscular fat content of the longissimus muscle decreased linearly ( P < .02) as daily feed intake was restricted. Protein content of the final empty body was increased ( P < .07) in the restrictedly fed steers compared with controls. Final empty body water content followed patterns similar to that observed for protein and was increased ( P < .02) in the steers that received reduced daily DMI. Final empty body fat decreased linearly ( P < .02) with restricted daily feed intake. Restrictions in daily feed intake of 10 and 20% led to reductions of 10.2 and 25.1% of empty body fat, respectively. Daily accretion rates of protein and water were not affected by intake. However, daily fat accretion was reduced 21.6 and 46.2%, respectively, for the steers receiving 10 and 20% less feed daily compared with steers allowed to consume all the feed they desired.
Trial 2. The effects of restrictedly feeding calves during the growing and finishing phases on performance are shown in Table 7 . Average daily gain during the growing phase, when corn silage-based diets were fed, was reduced linearly ( P < .005) with reductions in daily feed intake. Actual daily feed intake restrictions for the 90 and 80% of ad libitum intake were 10.3 and 20.1% when corn silage-based diets were fed. Feed efficiency (kilograms of gain/ kilogram of DM intake) when corn silage-based diets were fed during the growing phase was not affected by feed intake. Net energy values for maintenance and gain of diets fed the first 84 d were improved ( P < .02) Figure 1 . Effects of restricting intake of all-concentrate diets on serum triiodothyronine concentrations over time (Trial 1). Intake level effect was linear (P < .11). respectively. The NEg values for finishing period diets were increased ( P < .005) 6.6 and 20.6% for the 90 and 80% intake levels, respectively. Total kilograms gained was not affected by intake when growing and finishing phase performance was combined. However, ADG was reduced linearly ( P < .005) from 1.32 for 100% of ad libitum intake to 1.20 and 1.12 kg for the 90 and 80% intakes, respectively. Reductions in ADG led to increases in days on feed required for the restrictedly fed steers t o reach a final weight similar to that of steers with ad libitum intake. Although days required to reach slaughter weight were increased for the restrictedly fed steers, total feed required was reduced ( P < .005) 3.0 and 9.7% for the 90 and 80%
intakes, respectively. Reductions in feed required to finish restrictedly fed steers led to linear ( P < .005) improvements in feed efficiency of 1.25 and 8.1% for the steers with 90 and 80% of ad libitum intake for the entire feeding period.
Carcass characteristics (Table 8 ) were not affected by feed intake in this trial. Percentages of cattle grading Choice for the 100, 90, and 80% of ad libitum intake levels were 83, 92, and 75%, respectively. Wet weights of the liver and heart (taken immediately after slaughter) were not affected by feed intake. Serum T 3 concentrations (across all sample days) (Figure 2 ) decreased linearly ( P < .04) as a result of restricted feeding. Hot carcass weights of the six carcasses selected for use in carcass composition analysis increased ( P < .02) with increasing restriction (Table 9) . Quality grade and backfat over the 12th rib of steers selected for carcass composition analysis were not different among intakes. Ether with decreasing daily feed intake. Daily accretion rates of protein and water were not affected by feed intake. Daily fat deposition, however, was reduced linearly ( P < .02) with increasing reductions in feed intake. Daily fat accretion rates were 28.8 and 33.9% less for the steers with 90 and 80% of ad libitum intake, respectively, compared with control steers.
Discussion
Dry matter intake in Trial 1 was 2.1 times maintenance energy requirements for steers consuming the all-concentrate diet ad libitum. In Trial 2, DMI of steers consuming the corn silage-based growing diet and corn-corn silage-based finishing diet were 2.0 and 2.5 times maintenance energy requirements, respectively. These intakes are similar to those observed in our facility when steers were fed similar diets (Loerch, 1990 (Loerch, , 1991 . The reductions in ADG for steer calves receiving decreased daily feed intake in both Trials 1 and 2 are in agreement with the NE system (Lofgreen and Garrett, 1968) and the data of Plegge (1987) and Hicks et al. (1990) for yearling steers. Plegge (1987) reported reductions in ADG of 2.6 and 5.8% for cattle receiving 4 and 8% restrictions in daily feed intake. Hicks et al. ( 1990) observed reductions in yearling steer ADG of 7.4% when intake was restricted to 85% of ad libitum. When all-concentrate diets were fed, ADG was reduced 11.9% when daily feed intake was restricted 8% (Albin and Durham, 19671 , which compares very closely to the 11.7% reduction in ADG for the 10% restriction in daily feed intake in Trial 1. However, not all research examining limit feeding has resulted in reduced animal performance. Glimp et al. (1989) observed 15% increases in ADG when lambs received 89% of the intake of their counterparts with ad libitum access to feed. Hicks et al. (1990) observed that ADG (1.39 and 1.41 kg) for restrictedly fed heifers was similar to that of heifers receiving ad libitum feed intake. .03 .03 aLinear treatment effect ( P < ,021. bLinear treatment effect ( P < .06). CEB = empty body. dInitial empty body composition calculated from equations of Simpfendorfer ( 19743. eDetennined w i n e Drocedures of Hankins and Howe (1946) and equations of Garrett and Hinman (1969) .
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Equivalent feed efficiency when all-concentrate diets were fed at restricted intakes (Trial 1) and for corn silage-based diets (Trial 2 ) was unexpected based on the NE system (Lofgreen and Garrett, 1968) and data reported by other researchers. Albin and Durham ( 196 7 ) observed 4.6% poorer feed conversion for cattle receiving 92% of ad libitum intake compared with controls. Feed conversion was 6.4% poorer for cattle receiving feed a t 90% of free-choice compared with cattle receiving 100% free-choice feed intake (Davis et al., 1973) . However, Hanke et al. (1987) and Wagner (1987) observed equal feed conversion when finishing cattle were limit-fed. In addition, other researchers examining restricted feeding with yearling cattle (Plegge, 1987; Hicks et al., 1990) and sheep (Glimp et al., 1989) have reported an improvement in feed efficiency with restricted feeding. Although growth rate was reduced with restricted feeding, improvements in feed conversion of 2.7% were observed with restricted feeding (Plegge, 1987) . Hicks et al. (1990) reported improvements in feed efficiency of 8.4% for yearling steers receiving 85% of ad libitum feed intake, and improvements in feed efficiency of 10.9% for yearling heifers receiving 89% of ad libitum feed intake. Improvements in feed efficiency of 28.8% were observed for finishing lambs receiving a daily feed intake restricted to 89% of ad libitum intake (Glimp et al., 1989) . When concentrate-forage mixed diets were fed during the finishing phase of Trial 2 an increase in feed efficiency was observed. This improvement in feed efficiency is in agreement with data reported by Plegge (1987) , Glimp et al. (19891, and Hicks et al. (1990) . Hicks et al. (1990) observed the improvements in feed efficiency the last 84 d of the feeding trials. The improvement in feed efficiency for the entire feeding period of Trial 2 with restricted feeding can be attributed to the improvement in feed efficiency observed during the finishing period.
Restricted feeding in both trials resulted in improvements in calculated dietary NE values for both maintenance and gain. Improvements in both NEm and NE, were small (approximately . l Mcalkg) when all-concentrate diets were fed in Trial 1 and when corn silage-based diets were fed in Trial 2. Improvements in dietary energy values were much greater (approximately .3 Mcalkg) when the concentrate-forage mixed diets were fed during the finishing phases of Trial 2. Improvements in dietary NE values are in agreement with data of Glimp et al. (1989) and Hicks et al. (1990) for restrictedly fed diets. Increased diet digestibility with restricted feeding may explain part of the improvements in dietary NE values. Generally, intake and digestibility are inversely related (Wagner and Loosli, 1967; Tyrrell and Moe, 1975) . However, Hicks et al. (1990) were unable t o detect differences in diet digestibility with a 20% reduction in daily feed intake. Hart and Glimp (1991) also failed to detect improvements in digestibility when intake was restricted. Contrary to these findings, Murphy et al. ( 1994b) observed linear improvements in digestibility when 92% concentrate diets were limit-fed. However, when all-concentrate diets (based on whole shelled corn) were fed at restricted levels, digestibility was not affected (Murphy et al., 1994a) . The improvements in dietary NE values observed with restricted feeding may partially be explained by improvements in diet digestibility in Trial 2, but the same response was not apparent in Trial 1.
Reductions in the size or metabolic activity of major metabolically active organs may contribute to improvements in feed efficiency and dietary NE values with restricted feeding. Animals receiving higher intakes have increases in the weights of metabolically active organs (Koong et al., 1985; Rust et al., 1986) . Increases in organ weights would result in increases in the amount of energy required for maintenance purposes. Alterations in maintenance energy required with limit feeding due to decreases in organ weights would make the use of constant values for maintenance energy expenditures erroneous. No differences were observed in the weights (wet tissue) of either the liver or the heart due to intake in the present studies. However, there was a nonsignificant tendency ( P < .25) for reduced liver weights with reduced intake. Hicks et al. (1990) did not observe reductions in liver weights with restricted feeding. In contrast, Rust et al. (1986) observed reductions in liver weights of restrictedly fed Holstein steers. If maintenance energy expenditures are affected by size of major organs, as indicated by Koong et al. (1985) , then it would seem that maintenance energy requirements are not affected consistently by restricted feeding, as a result of organ size.
Another contributing factor t o maintenance energy expenditures is the metabolic rate of body organs (Koong et al., 1985) . Milligan and McBride (1985) reported increased oxygen uptake by liver and intestinal epithelium as feed intake increased. Sodiumpotassium ATPase activity is a major contributor to cellular energy expenditure and oxygen consumption (Milligan and McBride, 1985) . Thyroid hormones (thyroxine and triiodothyronine) regulate oxygen consumption in animals (Ismail-Beigi and Edelman, 1970) . Treatment of rats with T3 increased tissue concentrations of Na+, K+-ATPase and oxygen consumption (Huey Lin and Akera, 1978) . Steers fed at maintenance intake and during the compensatory growth period had reduced thyroid secretion rates and maintenance energy expenditures compared with fullfed controls (Fox et al., 1974) . Pethes et al. (1985) observed decreased T3 concentrations in cows fed 20% less energy daily than control cows, suggesting reduced maintenance requirements with lower energy intakes. Reductions in serum T3 concentrations with restricted feeding in the present two experiments are in agreement with data of Fox et al. (1974) and Pethes et al. (1985) . Reduced serum T3 concentrations suggest reductions in maintenance energy expenditures for calves fed at restricted intakes. Reductions in maintenance requirements with restricted feeding explain, at least partially, the improvements in feed efficiency and calculated dietary NE values seen with restricted feeding.
Carcass quality grade was reduced in Trial 1 when all-concentrate diets were fed but was not affected in Trial 2 when calves were grown on corn silage-based diets for 84 d followed by a 91% concentrate diet.
Reduced carcass quality grade with restricted feeding in Trial 1 is likely the result of lighter carcass weights, combined with the decreased rates of daily fat accretion. Hicks et al. (1990) observed reductions in carcass quality grade when yearling steers were limitfed, but quality grade was not affected by restricted feeding in yearling heifers. Reductions in quality grade are undesirable considering the current marketing system. From an economic standpoint, any improvements in feed efficiency would most likely be offset by decreases in carcass value (Trial 1 ). Backfat was also reduced in Trial 1 when calves were fed restricted intakes. Restricted feeding of all-concentrate diets may have reduced fat accretion to an extent great enough to influence not only intramuscular fat but also external fat. It is unclear whether the type of diet fed influences the overall effects of restricted feeding growing-finishing calves.
Carcass composition was affected in a positive manner, if excess carcass fat is viewed as a negative attribute. Reductions in carcass fat content were present in both studies for restrictedly fed animals. The reduction in carcass fat content was accompanied by an increase in carcass water and protein. Final empty body composition and carcass composition were influenced to a similar degree. Reductions in carcass fat content based on indirect measures have also been reported by Glimp et al. (1989) and Hicks et al. (1990) . Increases in empty body water and protein were the result of an increased number of days required to reach slaughter weight for the restrictedly fed animals. Daily accretion rates of protein and water were not affected by restricted feeding in either experiment, but daily fat accretion was dramatically reduced. Equal daily accretion rates of protein for all steers, within a trial, regardless of feed intake is in agreement with N retention data for restrictedly fed lambs reported by Murphy et al. (199413) . Although the number of days required to reach slaughter weight was increased with restricted feeding, daily reductions in fat accretion were sufficient to result in reductions in final empty body fat content. Observed reductions in fat accretions could contribute to improvements in feed efficiency. Equal amounts of energy are required to synthesize a given amount of fat and protein because of the different efficiencies of ME use for these tissues (Webster, 1980) . On a weight basis, more energy is required t o deposit fat than lean tissue because of the water associated with protein in lean tissue. Lean tissue represented a greater percentage of total gain in restrictedly fed steers than in steers with ad libitum intake. Therefore, changes in carcass composition may be partially responsible for improvements in feed efficiency or for countering the predicted decreases in feed efficiency when intake is restricted.
Similar responses in metabolic indicators and carcass composition were observed in both experiments, which used different diet types in restricted feeding strategies. Improvements in feed efficiency were observed in Trial 2 when 91% concentrate diets were fed. However, when all-concentrate diets were fed in Trial 1 and corn silage-based diets were fed in Trial 2, no improvements or predicted reductions in feed efficiency were observed. Protein accretion rates were not affected by intake; however, reductions in daily feed led to decreases in daily fat accretion rates. Reasons for these responses seem to be the result of decreased maintenance energy expenditures and changes in metabolic processes dealing with tissue accretion. Information explaining whether diet type influences feed efficiency in restricted feeding strategies is not available. Additionally, it is unknown whether group-penned cattle and individually penned cattle respond similarly to restricted feeding strategies.
Implications
Predicted decreases in feed efficiency are avoided and improvements in feed efficiency may occur with restricted feeding as a result of improvements in diet digestibility, reductions in maintenance energy expenditures, and alterations in final carcass composition and composition of gain. The use of a restricted feeding strategy has the potential to improve carcass composition (reduce excess fat production) without increasing feed costs or sacrificing the efficiency of animal production.
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